Indoor air quality (IAQ) in nurseries is an emerging case-study. Thus, this study, as the Part I of the larger study "Children's exposure to indoor air in urban nurseries", aimed to: i) evaluate nurseries' indoor concentrations of carbon dioxide (CO2), a global IAQ indicator, in class and lunch rooms; ii) assess indoor comfort parameters -temperature (T) and relative humidity (RH); and iii) analyse them according to guidelines and references for IAQ, comfort and children's health. Indoor continuous measurements were performed. Non-compliances with guidelines were found in comfort parameters, which could cause discomfort situations and also microbial proliferation. Exceedances in CO2 concentrations were also found and they were caused by poor ventilation and high classroom occupation. More efficient ventilation and control of comfort parameters, as well as to reduce occupation by reviewing Portuguese legislation on that matter, would certainly improve IAQ and comfort in nurseries and consequently safeguard children's health.
Introduction
Evidence has been made that people spend most of their time in indoor environments and therefore are more exposed to indoor air pollutants (Sousa et al., 2012a ) whose concentrations are often higher than outdoors (Jones, 1999 ).
Children's exposure patterns are unlike those of adults (Nieuwenhuijsen et al., 2006) . Children are more vulnerable, mainly due to their not fully developed immune and respiratory systems, their relative higher amount of air inhalation (the air intake per weight unit of a resting infant is twice that of an adult), and their growing tissues and organs; therefore, children have been considered a risk group (Salvi, 2007; Schwartz, 2004; Sousa et al., 2012b) . In addition, children spend more time in school environments (including nurseries) than in any other indoor environments besides home (Branco et al., 2014b) , and there is a correlation between pollutants concentrations and the onset of health problems in schoolchildren (Bono et al., 2015; Cartieaux et al., 2011) . Due to different occupation patterns, activities and building characteristics, IAQ in nurseries seems to be different from primary or higher schools (Yoon et al., 2011) , although this has been largely ignored (Ashmore and Dimitroulopoulou, 2009 ).
The increasing concern about these issues led to the arising of guidelines and standards to protect people's health by ensuring a better IAQ. In this field of research, CO2 is usually considered a global IAQ indicator, mainly because high concentrations indicate a poor air renovation rate which might indicate an accumulation of other pollutants in indoor air, and consequently may cause a negative influence on pupil's learning ability (Griffiths and Eftekhari, 2008) . Temperature (T) and relative humidity (RH) are also important in indoor air quality (IAQ), being considered as important comfort indicators. In fact, the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) defined guidelines for these indoor comfort parameters.
With the growing interest in studying children's exposure to air pollution, several methods using different approaches have been developed to assess it, and home and school have been the most studied indoor environments (Ashmore and Dimitroulopoulou, 2009 ). However, studies in school indoor environments have been mainly carried out in primary or higher schools, neglecting nurseries where pre-schoolers (including infants and toddlers) spend a significant part of their day. There were found some studies on nurseries, but some of them were mainly focused on ventilation, like Gładyszewska-Fiedoruk (2011) , and/or on CO2 concentrations using them as a global IAQ indicator, like Theodosiou and Ordoumpozanis (2008) . Other studies focused on PM assessment, like four of those reviewed by Sousa et al. (2012c) , and others on the study of allergens (Arbes Jr et al., 2005; Salo et al., 2009 ). Zuraimi and Tham (2008) studied comfort parameters as well as air velocity and air exchange rates indoor, besides investigating concentrations of several air pollutants and evaluating their sources in child care centres in the tropical region of Singapore. Despite the large number of child care centres, samplings were only conducted in the middle of the week and from 8 a.m.
to 5 p.m. (occupation periods), which did not allow understanding potential differences in IAQ between occupation and non-occupation periods (including nights and weekends). Yoon et al. in Canada, to determine its associations with building characteristics. Besides other chemical compounds, they considered comfort parameters and CO2, but these measurements were only made during occupation periods.
In Portugal, besides one study by the authors focusing on PM assessment (Branco et al., 2014a) and another focusing on the levels of ultrafine particles in Portuguese preschools (Fonseca et al., 2014) , there is only one study on IAQ in Portuguese day care centres (Carreiro-Martins et al., 2014) which assessed indoor CO2 concentrations (as a ventilation surrogate marker) and comfort parameters, relating them to wheezing in attending children. Despite the considerable number of buildings and the three classrooms per building analysed, Carreiro-Martins et al.
(2014) did not consider other indoor microenvironments besides classrooms and measurements were only performed for a short period during occupation (point in time determinations of CO2 instead of continuous measurements), meaning that comparisons between occupation and nonoccupation conditions were not performed, as well as it was not possible to analyse if the results achieved were due to occupation, building materials, ventilation or even activities by the occupants.
There were not found studies directly focusing on the health risk assessment of children's exposure to indoor air pollution in nurseries. This study introduces a new approach, by using data from continuous IAQ and comfort sampling on nurseries, thus enabling the assessment during occupation and non-occupation periods to understand the baseline scenarios, as well as to estimate children's exposure and to assess the associated health risks. Accordingly, following the study already reported focusing on PM assessment (Branco et al., 2014a) in the scope of INAIRCHILD project (Sousa et al., 2012a) , and aiming to reduce the lacks above referred, this study aims to assess health risks associated to children's exposure to indoor air pollution in urban nurseries. To meet this goal, the study was divided in: i) Part I -CO2 and comfort assessment; and ii) Part II -gaseous pollutants and associated health risks assessment. Part I (the present study) aimed to: i) evaluate indoor concentrations of CO2 in different microenvironments of urban nurseries in Porto city; ii) assess comfort parameters (T and RH) in those microenvironments; and iii) analyse those concentrations and comfort parameters according to guidelines and references for indoor air quality and comfort and children's health.
Materials and methods

Sites description
This study was carried out on four different nurseries (N_URB1, N_URB2, N_URB3 and N_URB4), all located at urban sites influenced by traffic emissions in Porto (Portugal), inside the study area represented in Figure 1 . N_URB1, N_URB2 and N_URB4 buildings are located in the same traffic busy street, and the front of the first two are directly facing that street.
N_URB3 building is located in the same area although not in the same street.
A prior inspection to the studied nurseries and rooms (throughout observations and interviews with the staff) was developed to capture relevant information on activities, building characteristics and potential sources of pollution that could influence the results obtained in this study. These four nurseries have different management models: i) N_URB1 is a full private forprofit nursery; ii) N_URB2 is managed by a private institution of social solidarity, non-profit and with a mix of public and private funds; and iii) N_URB3 and N_URB4 are public children pre-schools, entirely managed with public funds by the municipality authorities and the Ministry of Education.
General description of N_URB1, N_URB2 and N_URB3 was reported in a previous study (Branco et al., 2014a) being summarized in Table 1 . Infants (<1 year old) and toddlers (1-3 years old) used to spent all the period in the nursery inside the same classroom, both in N_URB1 and N_URB2. In all the four nurseries, pre-school children (3-5 years old) went to the lunch room to eat, so they used to have different daily patterns. Air conditioners and/or heaters were only used in N_URB1, where windows were usually closed to prevent heat loss to the outside, so natural ventilation merely occurred throughout the doors to the inner corridors. Natural ventilation in the classrooms of N_URB2 and N_URB3 and in the lunch room of N_URB2 was made through windows opening to the small outdoor playgrounds. N_URB4 also had preschool children, mixed in 3 different classrooms in the ground floor (single floor building). The electric heaters were often used during the sampling periods. All the classrooms had trickle vents in windows to outdoor as a natural ventilation system.
All the nurseries had a lunch room in the ground floor, equipped with a kitchen using gas stoves, except for N_URB3 and N_URB4 where there were no cooking activities as the food were brought already cooked into those nurseries.
Cleaning activities' patterns were also different in all the four studied nurseries. In N_URB1, the daily cleaning activities in the younger children classrooms (<3 years old) were made during the sleeping time (after lunch), with children sleeping in their cots inside the classroom. In the other classrooms, cleaning used to be made during lunch time (when children were not in the classroom) or at the end of the afternoon after the occupation period. On the opposite, daily cleaning activities in the other three nurseries were made at the end of the afternoon (after the occupation period). Besides daily cleaning, in N_URB2 there was also deep cleaning, which was made on weekends; and in N_URB3 some daily cleaning in corridors and common spaces was made during the occupation period.
Sampling and analysis
Indoor air quality measurements were performed in 3 classrooms (A, B and C) in nurseries N_URB1 and N_URB2, and 2 classrooms (A and B) in N_URB3 and N_URB4, as well as in the lunch rooms of all the studied nurseries. Table 1 summarizes the sampling periods.
Indoor comfort parameters, namely T and RH, as well as CO2, were continuously measured using an Haz-Scanner IEMS Indoor Environmental Monitoring Station (SKC Inc., USA) equipped with high sensitive sensors. Sampling methods and main characteristics of each sensor are summarized in Table 2 .
The equipment was submitted to a standard zero calibration (available in the equipment) and data were validated prior to each measurement in the different rooms. Inside the rooms, the equipment was placed as close to the middle as possible, far from the windows, doors and room's corners, and approximately at the same height of the breathing zone of the children.
Depending on the authorizations for sampling in each nursery, indoor measurements were performed from 2 to 9 days not simultaneously in each studied room, and in some cases both in weekdays and weekends. Sampling occurred between February and November 2013 (with a break during the summer holidays, from June to September). Measurements were logged each minute and hourly means were calculated.
The mean values were compared with reference standards and guidelines for general indoor environments, aiming to evaluate exceedances and/or non-compliances. the comparison of these two legislations allowed concluding on the expected impacts from the application of the new one.
Outdoor T was also sampled, simultaneously and using an electronic sensor (Global Water, WE700) located in a representative place (Mesquita, 2007 When comparing two or more consecutive sampling days in each of the studied microenvironments, there were found statistical significant differences (p < 0.05) in only 25%
Results and discussion
of the cases regarding CO2. This made possible to assume a daily mean scenario (daily mean profiles) for CO2 further analysis. Although the differences in T and RH values between consecutive sampling days in each microenvironment seemed to be small, there were found statistical significant differences (p < 0.05) in 67% of the cases regarding both T and RH.
Despite this, a daily mean scenario was also assumed for the following analysis. were always very similar to the medians (Table 3 ).
The highest T indoors was found in N_URB3 classroom B (25 ºC) and the lowest in N_URB1
classroom C (14 ºC). On weekend there were not found significant variations (p > 0.05) along the day (Figure 3 ). On weekdays it was possible to find a slight increase during occupation periods, in all the studied nurseries. Outdoors, T hourly means were usually higher during sampling in N_URB2 and N_URB3 rather than during sampling in N_URB1 and N_URB4.
Statistical significant differences (p < 0.05) in the range values of indoor T between the four nurseries seemed to be due to the differences observed in outdoor T ( Figure 3 and Table 3 ).
Depending on the meteorological conditions outdoors, those indoor may also be altered, mainly due to the ventilation system used and the building thermal isolation. Thus, seasonal meteorological patterns may have an important influence in the indoor thermal conditions.
Regarding RH (Figure 4 ), the lowest RH was observed in N_URB1 (37%), and the highest in classroom B of N_URB4 (85%). RH was almost constant when there was no occupation in the rooms and fluctuations were verified during occupation periods. Those differences generally started as a decrease in RH in the first couple of hours, followed by an increase after that period of time. Although this was common in the studied rooms, in N_URB4 classrooms (A and B)
RH slightly increased when occupation started. In N_URB3, classroom B had clearly the lowest RH with no statistically significant differences along the day (p > 0.05). In N_URB4, a major statistically significant difference (p < 0.05) was found between the lunch room and the classrooms, and RH on weekdays in classroom A were often found higher than 80%, especially during occupation periods. It was common to find lower T and higher RH values than those recommended by ASHRAE, mainly when rooms were unoccupied but also during occupation periods. Not only the building characteristics (such as the poor thermal isolation and the visible water infiltrations in classroom A in N_URB1), but also an inadequate use or misuse of heaters and air conditioning systems (in all the classrooms of N_URB1) were found to be the probable causes for these results.
Thermal discomfort is an expected symptom in children attending these nurseries. In tropical child day care centres in Singapore, Zuraimi and Tham (2008) (for cold season) were higher than those of N_URB1 and N_URB4 classrooms. Additionally, lower RH median (54.6%) than in the majority of the classrooms studied except for classrooms A and B of N_URB2 and N_URB3 were also reported. However, comparing with those results could be tricky, not only because they were collected by point in time samplings and not continuously thus adding higher error margins, but also because of studies' seasonal differences.
CO2 concentrations
CO2 mean concentrations obtained for all the studied nurseries are represented in Figure 5 (2011) reported similar CO2 concentrations in a nursery on north-eastern Poland, and also highlighted the importance of good natural ventilation, which could be achieved by the correct use of a stack ventilation system. This type of system was used in the classrooms of N_URB4 (trickle vents in windows), nevertheless it seemed to be insufficient to reduce CO2 indoor concentrations during occupation periods, which led the authors to believe that it was not well dimensioned. Also Roda et al. (2011) reported the significance of ventilation for the IAQ. In the referred study, similar and higher CO2 mean concentrations were found in Parisian child day care centres (where a mechanical ventilation system was used in 75% of the cases studied, and higher CO2 concentrations were found in cold season). Carreiro-Martins et al. (2014) reported a CO2 median concentration of 1440 ppm (2685 µg m -3 ) in indoor air of Portuguese child day care centres, which they reported to be a cause of occupation and poor ventilation. That value was found higher than median values in the rooms studied in the present study; nevertheless that was collected by point in time samplings (shortterm measurements) in the occupation period, thus being tricky to make these comparisons, as above discussed.
As a global indicator of IAQ, the high CO2 concentrations found can indicate the accumulation of indoor air pollutants from indoor sources, like formaldehyde and other volatile organic compounds, and are health concerning because they could lead to several symptoms and health effects on children, like headaches, fatigue, loss of concentration and absenteeism (Jones, 1999) .
It was possible to observe a considerable number of non-compliances for indoor comfort parameters, as well as for CO2. As expected, it was possible to observe from the results that the new Portuguese legislation is less restrictive. Exceedances to Portuguese 2006 standards were always higher during occupation periods than on weekdays in general. Moreover, it is also important to refer that the results here presented were similar to those obtained in 
Conclusions
The presence of children (occupation) and their routines, building characteristics and ventilation habits seemed to be the main determinants of IAQ and comfort.
Building characteristics and an inadequate use of heaters and air conditioning systems seemed to determine low temperature and high relative humidity, being thermal discomfort an expected symptom in children attending these nurseries.
CO2 concentrations were also found high, and several times exceeding the Portuguese standards, which was due to: i) the high occupation rate (overcrowding) in the studied classrooms when compared to ASHRAE recommendation, although the number of children per classroom was always found according to the Portuguese legislation for educational purposes;
and ii) poor ventilation -closing windows and doors during classrooms' occupation periods (to avoid noise and heat loss). A worse scenario was found in the public managed nurseries rather than in the private ones. Headache, fatigue, loss of concentration and absenteeism are possible health symptoms for children attending these nurseries.
Thus, it is extremely recommended the implementation of simple and cost-effective measures to mitigate the critical IAQ and comfort situations, namely behavioural changes, like more efficient ventilation habits, and more efficient control of indoor thermal comfort conditions (by using correctly heaters and air conditioners).
It could also be necessary to review the Portuguese legislation on the number of children per classroom, considering IAQ and children's health issues. Further research should include the study of other indoor air pollutants and other urban, suburban and rural nurseries to help supporting these findings. 
